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Summary
Background:  To  assess  the  correlation  between  culture  results  of  section’s  osseous  slice  biopsy
(SOB) and  the  distal  infected  site  responsible  for  the  amputation  performed  concomitantly
during major  amputation  of  lower  extremity.  The  inﬂuence  of  a  positive  culture  of  SOB  on  the
patients’ outcome  was  also  evaluated.
Materials  and  methods:  We  conducted  a  retrospective  study  of  medical  charts  of  patients  who
underwent  SOB  during  major  amputation  of  lower  extremity  at  our  institution  from  2000  to
2009.
Results: Fifty-seven  patients  (42  males/15  females,  mean  age  52.16  years)  who  undergone
major limb  amputation  (47  below  knee  and  ten  above  knee)  were  included.  The  initial  medi-
cal conditions  of  the  investigated  patients  were:  trauma  (n  =  32),  infection  (n  =  13),  trophic
disorders  (n  =  10)  and  tumor  (n  =  2).  The  major  cause  of  amputation  was  an  uncontrolled  infec-
tion, accouting  for  64.9%  of  the  cases  (37/57)  (foot  =  5,  ankle  =  8,  leg  =  24),  the  remaining  20
patients had  trophic  disorders  of  lower  limb.  Twenty-one  (36.8%)  from  57  biopsies  were  sterile,
12 (21.1%)  doubtful  and  24  (42.1%)  positive.  Thirty-one  (54.4%)  patients  had  an  antibiotic-free
interval  before  limb  amputation.  Independently  of  the  bacterial  species,  69.6%  of  the  microor-
ganisms identiﬁed  from  SOB  were  found  in  the  distal  infected  site.  Patients  with  positive  SOB
had a  signiﬁcantly  longer  interval  between  the  decision  to  amputate  the  patient  and  the  surgi-
cal procedure  (200.2  vs.  70.1  days;  P  <  0.03)  and  a  shorter  total  duration  of  antibiotic  therapy
before amputation  than  patients  with  negative  SOB  (3.68  vs.  6.08  months;  P  <  0.03).  The  delay
for complete  healing  was  signiﬁcantly  higher  in  patients  with  a  positive  SOB  compared  with
those with  a  negative  SOB  (3.57  vs.  2.48  months;  P  <  0.03).
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Conclusion:  Our  results  suggest  that  the  infection  may  extend  from  the  distal  site  to  the  level
of amputation  in  a  large  proportion  of  cases  and  that  the  delay  with  which  the  amputation  is
performed  after  the  decision  has  been  taken  may  play  a  role  in  this  event.
Level of  evidence:  Study  level  IV:  retrospective  observationnal  study.
© 2012  Elsevier  Masson  SAS.  All  rights  reserved.
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The  incidence  of  major  amputation  of  the  limb  is  growing
gradually  worldwide.  The  annual  number  of  major  lower
limb  amputation  in  France  was  7871  in  2010  [1].  Pos-
sible  wound-healing  complications  associated  with  lower
limb  amputation  stumps  include  infection,  tissue  necro-
sis,  pain,  problems  associated  with  the  surrounding  skin,
bone  erosion,  haematoma,  stump  oedema  and  dehiscence
[2].  Section’s  osseous  slice  biopsy  (SOB)  is  rarely  performed
in  routine  practice  because  of  the  expenses,  the  possible
adverse  events  and  the  belief  that  a  section  of  amputation
distant  from  the  site  leading  to  the  amputation  and,  there-
fore,  is  unlikely  to  be  involved  by  the  infectious  process.
Studies  comparing  the  results  of  SOB  with  those  of  the  site
leading  to  the  amputation  are  lacking.  Prognostic  factors
of  stump  healing  are  not  well  deﬁned.  Data  on  the  prob-
ability  of  the  extension  of  the  infectious  process  affecting
the  distal  site  responsible  for  the  amputation  are  scarce.  At
our  institution,  we  usually  perform  bone  biopsy  in  patients
with  amputation  following  the  protocol  we  reported  previ-
ously  [3].  We  therefore  decided  to  assess  the  role  of  bone
biopsy  cultures  in  those  patients  by  comparing  the  microbi-
ologic  ﬁndings  of  the  section’s  osseous  slice  and  the  distal
site  and  the  prognostic  role  of  these  results  on  the  stump
wound  healing  and  the  patients’  outcome.
Patients and methods
Population
The  patients  included  in  the  present  study  had  under-
gone  a  major  amputation  of  lower  limb  with  a  SOB  at  the
National  Referent  Center  for  complex  osteo-articular  infec-
tions  of  the  North-West  inter-region  of  France  from  2000  to
2009.  Data  was  analyzed  retrospectively,  including  age,  sex,
details  about  diabetes,  presence  of  peripheral  vascular  dis-
ease,  osteoarthritis,  level  of  infection,  context  of  trauma,
level  of  amputation,  immunosuppression,  bedridden  invalid,
comorbidity,  pathology  duration  and  details,  reason  of  the
amputation,  delay  from  decision  of  required  major  limb
amputation  to  realization  of  the  surgical  procedure,  history
of  previous  amputation,  total  duration  of  antibiotic  therapy
before  amputation,  duration  of  the  antibiotic-free  interval
before  amputation,  vascular  status,  inﬂammatory  markers,
renal  function,  and  antibiotic  use  before  and  after  hospi-
talization.  The  presence  of  a  peripheral  vascular  disease
was  assessed  on  the  absence  of  dorsal-pedal  and  posterior-
tibial  pulses  and/or  previously  diagnosed  peripheral  vascular
disease  and/or  pathological  results  of  transcutaneous
F
l
kxygen  pressure,  Doppler  UltraSound,  angioscan,  magnetic
esonance  angiography,  arteriography.  Comorbidities  were
valuated  according  to  the  presence  of  cardiac,  renal  or
epatic  insufﬁciency.  Stump  outcome  was  assessed  on  the
elay  of  complete  healing,  equipment,  reintervention  and
eed  of  antibiotics.
urgery
mputations  above  or  below  the  knee  are  called  ‘‘major’’,
‘minor’’  amputations  are  those  involving  partial  removal
f  a  foot,  including  toe  or  forefoot  resections.  In  most
nstances,  surgeons  performing  a  lower  limb  amputation  will
se  the  primary  closure  technique,  in  which  the  edges  of
he  wound  are  closely  approximated,  thus  eliminating  dead
pace  and  involving  minimal  formation  of  granulation  tis-
ue.  There  may  be  a  drain  in  situ,  which  will  be  removed
n  the  ﬁrst  or  second  postoperative  day.  The  drain  is  often
ot  sutured  in  place  to  allow  its  removal  without  disturbing
andages  or  dressings  [2].
pecimen  collection  and  microbiological
ssessment
uring  the  amputation,  the  orthopaedic  surgeon  performed
OB  and  a  biopsy  of  the  distal  infected  site  responsible  for
he  amputation  in  the  surgical  room  by  using  two  distinct
ets  of  surgical  tools.  Two  bone  fragments  were  obtained
or  each  biopsy;  one  was  inoculated  into  Rosenow’s  broth
Biorad),  and  the  other  was  placed  in  a  standard  trans-
ort  system  (Porta-germ;  Biomerieux).  Both  fragments  were
apidly  brought  to  the  microbiology  laboratory,  where  aer-
bic  and  anaerobic  cultures  were  maintained  for  5  days  and
 weeks,  respectively.  A  positive  bone  biopsy  was  deﬁned  as
he  presence  of  at  least  one  bacteria  not  belonging  to  the
kin  ﬂora  or  at  least  two  bacteria  belonging  to  the  skin  ﬂora
e.g.  coagulase-negative  staphylococci,  Corynebacterium
pp.  or  Propionibacterium  acnes).
tatistical  analyses
isher’s  exact  test  and  Student’s  test  were  used  to  compare
he  microbiological  results.  The  statistical  signiﬁcance  level
as  set  at  P  <  0.05.
esultsifty-seven  SOB  were  performed  during  major  lower
imb  amputation  (ten  above  the  knee  and  47  below  the
nee)  between  2000  and  2009.  The  mean  age  of  the
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iFigure  1  Initial  pathology  a
atients  included  in  the  study  (42  men  and  15  women)  was
2.16  years  ±  2,25  (S  =  16,99).  The  initial  medical  conditions
f  the  investigated  patients  were:  trauma  (n  =  32),  infec-
ion  (n  =  13),  trophic  disorder  (n  =  10)  and  tumor  (n  =  2).  The
ain  cause  of  amputation  was  an  uncontrolled  infection  in
7  (64.9%)  cases  (foot  =  5,  ankle  =  8,  leg  =  24)  (Fig.  1).
For  the  other  20  patients,  indication  of  amputation  was
rophic  disorders.  The  underlying  conditions  were  dia-
etic  foot  infection  in  14  cases  (24,6%),  osteoarthritis  in
4  (42.1%),  trauma  in  38  (66.67%),  immunosuppression  in
even  (12.28%),  peripheral  arterial  disease  in  23  (40.35%),
edridden  invalid  in  one  (1.75%).  Twenty-four  (42.1%)  bac-
erial  culture  results  from  SOB  specimens  were  positive,  12
21.1%)  doubtful  and  21  (36.8%)  sterile.  Before  amputation,
1  (54.4%)  patient  had  not  received  any  antibiotics,  includ-
ng  22  of  them  (38.6%)  with  an  antibiotic-free  interval  of
5  days  or  more.  Thirty-two  (56.14%)  patients  had  biopsy
f  the  distal  site  during  amputation.  Overall,  the  concord-
nce  between  the  culture  results  of  SOB  and  the  distal  site
as  48.15%,  without  signiﬁcant  difference  between  bacte-
ial  species  (Table  1).  Microorganisms  identiﬁed  in  SOB  were
lso  cultured  from  the  distal  site  in  69.57%  of  the  cases.
Patients  with  a  positive  culture  of  SOB  had  a  longer
nterval  from  the  moment  the  decision  to  amputate  was
aken  and  the  time  of  the  surgical  procedure  (200.2  vs.
0.1  days;  P  <  0.03)  and  a  shorter  (3.68  vs.  6.08  months;
 <  0.03)  total  duration  of  antibiotic  therapy  before  ampu-
ation  than  patients  with  a  negative  SOB  (Table  2).  A  longer
a
r
s
mause  leading  to  amputation.
nterval  from  decision  to  and  carrying  out  of  amputation  was
enerally  associated  with  patient’s  refusal.
The  time  to  complete  stump  healing  was  signiﬁcantly
onger  in  the  group  of  patients  with  a  positive  culture  com-
ared  to  those  with  a  negative  one  (3.57  vs.  2.48  months;
 <  0.03)  (Table  3).
Patients  with  a  positive  or  doubtful  biopsy  required
ore  antibiotics  at  discharge  from  the  hospital  (P  <  0.001)
nd  their  total  disease  duration  was  signiﬁcantly  longer
n  comparison  to  those  with  negative  biopsy  (61.45  vs.
3  days,  respectively;  P  =  0.001).  They  also  received  more
uoroquinolones  (P  =  0.04)  and  anti-MRSA  antibiotics  for  the
reatment  of  osteomyelitis  (P  =  0.03)  (Table  4).
iscussion
he  present  study  has  some  limitations  as  this  is  a  retrospec-
ive  study  with  a  small  size  population  and  histopathology
xamination  was  not  used  for  conﬁrming  the  diagnosis  of
steomyelitis.
In  a  recent  study  of  959  consecutive  major  lower
xtremity  amputations  performed  in  788  patients,  includ-
ng  704  below-knee  amputations  (73.4%)  and  255  above-knee
mputations  (26.6%),  an  infection  of  the  stump  wound  was
eported  in  5.5%  of  cases  [4].  In  a  population  of  patients  with
evere  lower  extremity  trauma  who  were  amputated,  the
ost  commonly  complication  was  wound  infection  (34.2%)
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Table  1  Proportion  of  microorganisms  isolated  from  osseous  slice  biopsy  (SOB)  and  the  site  leading  to  the  amputation  obtained
concomitantly  from  32  patients  with  major  amputation.
Microorganisms Total  SOB  only  Bone  biopsy  of  the
site  leading  to  the
amputation  only
SOB  and  the  site
leading  to  the
amputation
Correlationa %
Staphylococcus  aureus  6  1  2  3  50
Coagulase-negative  staphylococci  17  3  3  11  64.71
Other gram-positive  bacteriab 11  3  4  4  36.36
Gram-negative  bacilli 17 4  5  8  47.06
Anaerobesc 3 2 1  0  0
Overall 54 12 14 26 48.15
a Percentage of bone biopsy of the site leading to the amputation and SOB specimens obtained from a given patient that yielded the
same pathogen.
b Includes group B streptococci, enterococci, and corynebacteria.
c Includes Veillonella species, Fusobacterium species, Bacteroides species, and Peptostreptococcus species.
Table  2  Parameters  associated  with  the  positivity  of  osseous  slice  biopsy  (SOB).
Sterile  biopsy  (n  =  21)  Positive  biopsy  (n  =  24)  P
Delay  from  decision  of  required  major
limb  amputation  to  realization  of  the
surgical  procedure  (days)
70.15  200.25  0.03
Total duration  of  antibiotic  therapy
before  amputation  (months)
6.08  3.68  0.03
Age 51.38  51.29  1
Peripheral vascular  disease  9  7  0.37
Diabetic foot  infection  7  4  0.3
Comorbidity 10  6  0.13
Immunosupression  1  4  0.35
Foot 5  3  0.44
Ankle 5  6  1
Leg 10  15  0.38
Trauma 14  17  1
Duration of  the  pathology  (days)  2124.81  2075.21  1
History of  previous  amputation  9  4  0.1
Antibiotic-free  period  (days) 27.9  22.19  0.8
Below-knee amputation 12 14  1
g
n
nAbove-knee amputation  4  
[5].  Moller  et  al.  studied  the  incidence  of  postoperative
wound  infection  in  major  amputations  [6].  He  recorded  the
organisms  isolated  in  preoperatively  infected  gangrene  and
in  postoperatively  infected  wounds  of  61  patients  undergo-
ing  lower  limb  amputations  due  to  ischemia,  including  34%
of  coexisting  diabetes  mellitus  [6].  Postoperative  infections
occurred  in  nearly  two-thirds  of  the  19  cases  of  infected
e
d
c
h
Table  3  Outcomes  of  57  patients  with  leg  amputation.
Sterile  biopsy  (n
Not  healing  1  
Delay for  complete  healing  (months)  2.48  
Equipment 19  
Reintervention  5  
Need of  antibiotics  5  5  1
angrene,  compared  to  less  than  one-third  of  cases  of
on-  infected,  and  the  presence  of  diabetes  mellitus  did
ot  signiﬁcantly  inﬂuence  the  infection  rate  [6].  Postop-
rative  wound  infection  following  lower  limb  amputation
ue  to  ischemia  is  the  main  reason  for  reamputation,  espe-
ially  in  patients  with  infected  gangrene  [6].  Some  authors
ave  stated  that  patients  in  whom  swabs  had  been  taken
 =  21)  Positive  biopsy  (n  =  24)  P
3  0.61
3.57  0.03
17  0.14
7  0.75
9  0.36
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Table  4  Antibiotic  therapy  after  amputation.
Positive  and  doubtful  biopsy  (n  =  36)  Negative  biopsy  (n  =  21)  P
Antibiotic  therapy  prescribed  at
discharge  from  the  hospital
29  (80.56%)  5  (23.81%)  <  0.001
Intravenous administration  (days)  11.12  7.81  0.34
Total duration  (days)  61.45  23  0.001
Rifampicine association  7  (19.44%)  1  (4.76%)  0.24
Fluoroquinolones 10  (27.78%)  1  (4.76%)  0.04
Anti-methicillin-resistant
Staphylococcus  aureusa
13  (36.11%) 2  (9.52%)  0.03
Othersb 8  (22.22%) 2  (9.52%) 0.3
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Ta Glycopeptides, linezolid, fusidic acid, trimethoprim-sulfameth
b B-lactams, clindamycine, pristinamycine.
reoperatively  and  had  yielded  signiﬁcant  numbers  of
athogens,  were  signiﬁcantly  more  likely  to  develop  a  post-
perative  wound  infection  and  had  an  amputation  sepsis  rate
f  57%  compared  with  33%  of  those  with  a  negative  preop-
rative  culture  [7].  A  surgical  wound  following  amputation
or  ischemia  may  occur  either  as  a  direct  result  of  entry
f  endogenous  bacteria  [8]  or  from  the  patient’s  skin  at  the
ime  of  surgery  [9],  or  from  their  pre-existing  gangrene  [10].
hese  results  have,  however,  been  established  from  data  of
uperﬁcial  sample  culture  results.  The  results  of  the  present
etrospective  study  suggest  that  the  culture  of  the  SOB  is
ften  positive  even  if  the  level  of  limb  amputation  is  dis-
ant  from  the  initial  site  responsible  for  the  amputation.
his  study  compared  the  culture  results  of  SOB  with  those
f  the  initial  distal  site  of  infection.  We  hypothesize  that
he  infectious  process  affecting  the  distal  site  may  extent
o  the  level  of  amputation  and  that  the  duration  of  the  inter-
al  between  the  decision  of  amputating  the  patient  and  the
arrying  out  of  the  amputation  may  play  a  role  in  this  set-
ing.  Reason  of  long  delay  was  generally  possible  refusal  of
atient.  This  is  probably  the  fear  of  invalidity,  little  infor-
ation  about  the  opportunity  to  walk  with  the  prosthesis,
he  belief  that  healed  without  amputation.  In  other  study
atient’s  refusal  to  accept  amputation  resulted  in  a  delay  in
mputation  in  48.51%  patients  [11]. Psychological  assistance
nd  communication  with  the  amputated  could  help  in  these
ettings.
The  most  important  factor  ensuring  a  successful  ampu-
ation  is  the  correct  choice  of  amputation  site  based  on
he  assessment  of  limb  perfusion  and  functional  require-
ents  [2].  Complications  of  stump  wound  healing  are  of
oncern  because  they  impact  the  patient’s  ability  to  walk
ith  a  prosthetic  limb  [2].  Wound-healing  difﬁculties  pro-
ong  rehabilitation  and  reduce  the  quality  of  life  [2].  One
tudy  on  lower  limb  amputation  found  that  the  most  com-
on  stump-related  complications  were  wound  infection  and
oor  healing  (70%),  poorly  fashioned  stumps  (20%)  and  pain
10%)  [2].  Important  factors  in  healing  and  outcome  of
mputation  include  the  patient’s  nutritional  status,  age,
obacco  use,  tissue  perfusion,  infection,  the  presence  of
otentially  infected  graft  material  and  the  presence  of
o-existing  diseases  such  as  renal  failure,  diabetes  and
nemia  [2].  Our  study  revealed  that  a  positive  culture
f  the  section’s  SOB  is  a  risk  factor  for  delayed  stump
ealing.
cole, tetracyclines.
In  the  present  study,  patients  with  positive  SOB  had  a
horter  total  antibiotic  therapy  before  amputation  than  had
atients  with  negative  SOB.
In addition,  patients  with  positive  SOB  required  a  pro-
onged  antibiotic  therapy  for  osteomyelitis  prescribed  at
ischarge  from  hospital,  including  anti-MRSA  agents  in  sev-
ral  cases.  Antibiotics  with  good  penetration  into  bone
ﬂuoroquinolones,  rifampicin,  clindamycin,  fusidic  acid,
etronidazole,  linezolid)  were  used  in  combination  accord-
ng  to  the  bacteria  susceptibility  proﬁle  for  a  duration  of  at
east  6  weeks.
Bone  biopsy  of  the  distal  infected  site  is  important
efore  amputation.  While  most  diabetic  foot  infections  are
elatively  superﬁcial  at  presentation,  microorganisms  can
pread  contiguously  to  subcutaneous  tissues,  including  fas-
ia,  tendons,  muscle,  joints  and  bone  [12]. The  anatomy
f  the  foot,  which  is  divided  into  several  rigid  but  inter-
ommunicating  compartments,  fosters  proximal  spread  of
nfection  [12]. Soft  tissue  or  sinus  tract  cultures  are  not  suf-
ciently  accurate  in  predicting  bone  pathogens.  Ideally,  it
ould  be  best  to  process  a  bone  specimen  for  both  culture
nd  histopathology  [12]. To  clarify  the  spread  of  infection
ould  be  interesting  to  perform  a  biopsy  between  distal  site
nd  section’s  osseous  slice.
As  the  antibiotic  treatment  of  bone  infection  is  long,  it  is
ecommended  to  tailor  the  choice  of  the  antimicrobials  on
he  basis  of  reliable  identiﬁcation  of  the  pathogens  involved
n  the  bone  infection  [13,14].
onclusions
ur  results  suggest  that  the  infection  may  extend  from  the
istal  site  to  the  level  of  amputation  in  a large  proportion
f  cases  and  that  the  delay  with  which  the  amputation  is
erformed  after  the  decision  has  been  taken  may  play  a  role
n  this  event.
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